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WHPSHUDWXUH URWDWLQJ VSHHG DQG UHOLDELOLW\ DUH GHPDQGLQJ
LQFUHDVLQJO\ZLWKWKHGHYHORSPHQWRIWHFKQRORJ\&RPSUHVVRU
EODGHLVRQHRIWKHPRVWLPSRUWDQWFRPSRQHQWVRIDHURHQJLQH
+LJKHU SHUIRUPDQFH FRPSUHVVRU EODGH LV QHHGHG WR VDWLVI\
ODUJHU DOWHUQDWLQJ DQG LPSDFW ORDG DQG KLJKHU RSHUDWLQJ
WHPSHUDWXUH &RPSUHVVRU EODGH LV PDLQO\ PDFKLQHG ZLWK
WLWDQLXP DOOR\ RU VXSHU DOOR\ LQPXOWLD[LVPDFKLQLQJ FHQWHU
:HDNULJLGLW\RIWKHEODGHDQGSRRUPDFKLQDELOLW\RIWKHEODGH
PDWHULDO OHDG WRPDFKLQLQJ YLEUDWLRQ JHQHUDWHG HDVLO\ GXULQJ
PDFKLQLQJ0DFKLQLQJHIILFLHQF\LVORZVXUIDFHTXDOLW\LVSRRU
DQG WRRO ZHDUV IDVW GXH WR YLEUDWLRQ 7KH ILQDO DFFXUDF\ RI
FRPSUHVVRUEODGHLVUHO\LQJRQPDQXDOSROLVKLQJ
2QH RI WKH LPSRUWDQW IDFWRUV WKDW OHDGV WR SURGXFW
GHIRUPDWLRQLVFODPSLQJIRUFH>@*+4LQHWDO>@DQDO\]HG
WKH PHFKDQLVP RI FODPSLQJ GHIRUPDWLRQ RI WKLQZDOOHG
ZRUNSLHFHDQGSUHVHQWHGDJHQHUDOPHWKRGRORJ\WRRSWLPDOWKH
PDJQLWXGH SODFHPHQW DQG FODPSLQJ VHTXHQFH RI D FODPSLQJ
VFKHPH+<'RQJHWDO>@SUHVHQWHGDPHWKRGWRVLPXODWH
WKHFODPSLQJRSHUDWLRQIRUWKLQZDOOHGIUDPHSDUWVXVLQJILQLWH
HOHPHQWPRGHOV/X'RQJHWDO >@ UHYHDOHG WKH LQIOXHQFHRI
IULFWLRQ IRUFH DQG FKLS UHPRYDO RQ WKH FODPSLQJ IRUFH XVLQJ
ILQLWHHOHPHQWQXPHULFDOFDOFXODWLRQPRGHO*+4LQHWDO>@
XVLQJ WKHQRQOLQHDUPDSSLQJRIQHXUDOQHWZRUNHVWDEOLVKHGD





/ < =KHQJ HW DO >@ SUHVHQWHG D PHWKRG WR LPSURYH
PDFKLQLQJ DFFXUDF\ RI WKLQZDOOHG SDUWV WKURXJK SUHYHQWLYH
VLPXODWLRQDQGQXPHULFDOFRQWUROSURFHVVLPSURYHPHQW7<
:DQJ HW DO >@ HVWDEOLVKHG D YLEUDWLRQPRGHO RI WKLQZDOOHG
ZRUNSLHFHLQ WKHHQGPLOOLQJWKURXJKPLOOLQJH[SHULPHQWDQG
YDOLGDWHGWKHDFFXUDF\RIWKHPRGHOLQDFWXDOPLOOLQJ<:DQJ
HW DO >@ SURSRVHG DPHWKRG RI ILQLWH HOHPHQW DQDO\VLV RQ D
V\VWHP RI D IL[WXUH DQG WXUELQH EODGHV E\ FRQVLGHULQJ WKH
FRPSOH[ FRQWDFW JHRPHWU\ DQG FRPSOLFDWHG FRQWDFW VWDWXV RI
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DQDO\]HGWKHYDULDWLRQRIIUHTXHQF\DQGVWLIIQHVVZLWKFXWWLQJ
VWHSVEXWWKH\LJQRUHGWKHLQIOXHQFHRIWHQVLRQIRUFH
7KH DUWLFOH DQDO\]HV WKHPDFKLQLQJYLEUDWLRQRIEODGH DQG
SUHVHQWVDFODPSLQJPHWKRGWRHQKDQFHVWLIIQHVVRIEODGHDQG
FKDQJH WKH QDWXUDO IUHTXHQF\ RI EODGHIL[WXUH V\VWHP 7KH
FKDQJH UXOHV RI VWLIIQHVV DQG IUHTXHQF\ KDYH EHHQ ZLOGO\
VWXGLHGWKURXJKH[SHULPHQWV([SHULPHQWVVKRZWKDWVWLIIQHVV
RIEODGHDQGWKHIUHTXHQF\RIEODGHIL[WXUHV\VWHPDUHLQFUHDVHG
HIIHFWLYHO\ DQG WKH GDPSLQJ RI V\VWHP LV FKDQJHG ZLWK WKH
WHQVLRQIRUFH
EODGHPRGHOLQPLOOLQJ

















$V VKRZQ LQ )LJ  FXWWLQJ IRUFH FDQ EH VLPSOLILHG DV D
G\QDPLF ORDG  F t  %ODGHIL[WXUH V\VWHP LV GRLQJ IRUFHG
YLEUDWLRQXQGHUWKHDFWLRQRIFXWWLQJIRUFH7KHFODPSLQJIRUFH
LVVLPSOLILHGWRWZRFRQVWUDLQLQJIRUFH  aF t DQG  aF t WKH
FRPSUHVVLRQIRUFHLVVLPSOLILHGWR  bF t DQG  bF t .

)LJ9DULDWLRQRIVWLIIQHVVZLWKFXWWLQJVWHSV
$V VKRZQ LQ )LJ  WKH ZRUNEODQN RI EODGH KDV ODUJH
VWLIIQHVV EXW LW GHFUHDVHV VKDUSO\ ZLWK WKH  PDWHULDO











IRUFH FDQ EH HTXLYDOHQW WR D SHULRGLFDO LPSDFW ORDG 7KH
IUHTXHQF\RIWKHORDGFDQEHH[SUHVVHGDV i mZ   ZKHUH i LV
WKH WHHWK QXPEHU RI WKH FXWWHU m LV VSLQGOH VSHHG 7KH
LQVWUXPHQWVDQGSURFHVVSDUDPHWHUVRIH[SHULPHQWDUHVKRZLQ





















3.2. Machining vibration analysis of blade 
7KH PDFKLQLQJ YLEUDWLRQ RI EODGH LV GLIIHUHQW IURP WKH




RI EODGH EHWZHHQ VHPLILQLVKLQJ DQG ILQLVKLQJ SHULRG LV
REWDLQHGDQGVKRZVLQ
$VVKRZQLQ)LJ  bF t LVD[LDOFRPSRQHQWRIFODPSLQJ
IRUFHLWFDQDJJUDYDWHEODGHGHIRUPDWLRQDQGLQFUHDVHYLEUDWLRQ
GXULQJ PDFKLQLQJ 7KH VXUIDFH TXDOLW\ RI EODGH GHFUHDVHV
VHULRXVO\EHFDXVHRIYLEUDWLRQWKHPDQXDOSROLVKWKLFNQHVVDQG
SURFHVVF\FOHLQFUHDVHVLPXOWDQHRXVO\












































3.3. Vibration model of blade 
7KHORDGRIEODGHLVHTXDOWRFXWWLQJIRUFH,WLVVDWLVILHGZLWK
'L5HHK/DL¶VFRQGLWLRQ$FFRUGLQJ WR)RXULHUVHULHVFXWWLQJ
IRUFH  F t LV
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$FFRUGLQJWRWKHUHVSRQVHRIIRUFHGYLEUDWLRQDQGYLEUDWLRQ
VXSHUSRVLWLRQ SULQFLSOH RI V\VWHP UHVSRQVH IXQFWLRQ FDQ EH
REWDLQHG
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$V VKRZQ LQ WKH UHVSRQVH IXQFWLRQ WKH IUHTXHQF\ RI
YLEUDWLRQLVHTXDOWRWKHIUHTXHQF\RIFXWWLQJIRUFHWKHYLEUDWLRQ
DPSOLWXGHLVLQYHUVHO\SURSRUWLRQDOWRWKHULJLGLW\RIEODGHDQG
LW LV LQIOXHQFHG E\ WKH IUHTXHQF\ RI FXWWLQJ IRUFH DQG QDWXUH
IUHTXHQF\DQGGDPSLQJRIEODGHIL[WXUHV\VWHPDWWKHVDPHWLPH
7KH IUHTXHQF\ RI YLEUDWLRQ FDQ EH LQIOXHQFHG E\ SURFHVV
SDUDPHWHUV EXW WKH SDUDPHWHUV DUH GHFLGHG E\ FXWWLQJ
SURFHGXUHV RI EODGH DQG FDQQRW FKDQJH RSWLRQDOO\ 7HQVLRQ
FODPSLQJLVDQHIIHFWLYHPHWKRGWRHQKDQFHFODPSLQJVWLIIQHVV
DQG FKDQJH QDWXUDO IUHTXHQF\ DQG GDPSLQJ RI WKLQZDOOHG
ZRUNSLHFH ,W LV DQ HIIHFWLYHPHWKRG IRUPDFKLQLQJ YLEUDWLRQ




4.1.  Experiment  measurement 




IL[WXUH V\VWHP LV WDNHQ RQ E\ KDPPHU H[SHULPHQW DQG WKH




















)LJ  VKRZV WKDW WKH VWLIIQHVV RI EODGH LV LPSURYLQJ
REYLRXVO\ZLWKWHQVLRQIRUFH&RPSDUHGZLWKWHQVLRQFODPSLQJ
WKHVWLIIQHVVRIEODGHLPSURYHVHIIHFWLYHO\ZLWKWKHFRPSUHVVLRQ
IRUFH %XW LW EHJLQV WR UHGXFH ZKHQ WKH FRPSUHVVLRQ IRUFH
H[FHHGVN7KHUHIRUHDQLPSURSHUFRQWUROOHGFRPSUHVVLRQ
IRUFH PD\ OHDG WR FODPSLQJ GHIRUPDWLRQ RI EODGH DQG WKH
LQFUHDVHRIPDFKLQLQJYLEUDWLRQ
























LV LQFUHDVLQJ JUHDWO\ ZLWK WKH WHQVLRQ IRUFH EXW LW LV OHVV






LQPDFKLQLQJ ,W LQIOXHQFHVPDFKLQLQJ TXDOLW\ DQG HIILFLHQF\
VHULRXVO\ :H VKRXOG UHVWUDLQ PDFKLQLQJ YLEUDWLRQ DV IDU DV
SRVVLEOH7KHSDSHUDQDO\]HGWKHPDFKLQLQJYLEUDWLRQRIEODGH
HVWDEOLVKHGDYLEUDWLRQPRGHORIEODGHDQGVWXGLHGWKHLQIOXHQFH
RI WHQVLRQ IRUFH WR FODPSLQJ VWLIIQHVV RI EODGH DQG QDWXUDO
IUHTXHQF\ DQG GDPSLQJ RI EODGHIL[WXUH V\VWHP 7KH UHVXOWV
VKRZ WKDW WHQVLRQ IRUFH FDQ HQKDQFH VWLIIQHVV DQG QDWXUDO
IUHTXHQF\RIEODGHIL[WXUHV\VWHPHIIHFWLYHO\,QWHJUDWLRQRIWKH
SURSRVHG DSSURDFK ZLWK D WHQVLRQ FODPSLQJ RI FRPSUHVVRU
EODGH WKH PDFKLQLQJ YLEUDWLRQ ZLOO EH UHGXFHG WKH OLIH RI
FXWWLQJWRROZLOOEHSURORQJHGDQGWKHTXDOLW\RIEODGHZLOOEH
LPSURYHG






7KHDXWKRUVZRXOG OLNH WRDFNQRZOHGJH WKHVXSSRUWRI WKH
1DWLRQDO %DVLF 5HVHDUFK 3URJUDP RI &KLQD *UDQW





D )L[WXUH±ZRUNSLHFH 6\VWHP>-@ ,QWHUQDWLRQDO -RXUQDO RI &RPSXWHU
$SSOLFDWLRQVLQ7HFKQRORJ\
>@ 4LQ * + :X = ; =KDQJ : + $QDO\VLV DQG &RQWURO 7HFKQLTXH RI
)L[WXULQJ'HIRUPDWLRQ0HFKDQLVPRI7KLQZDOOHG:RUNSLHFH>-@&KLQHVH
-RXUQDORI0HFKDQLFDO(QJLQHHULQJ
>@ 'RQJ + < .H < / )LQLWH (OHPHQW 6LPXODWLRQ IRU 2SWLPDO &ODPSLQJ







7KLQZDOOHG :RUNSLHFH %DVHG RQ 1HXUDO 1HWZRUN DQG *HQHWLF





>@ :DQJ 7 < +H 1 /L / 9LEUDWLRQ 0RGHO LQ 0LOOLQJ RI 7KLQZDOOHG
&RPSRQHQWV>-@ &KLQHVH -RXUQDO RI 0HFKDQLFDO (QJLQHHULQJ  

>@:DQJ<&KHQ;*LQG\1HW DO(ODVWLF'HIRUPDWLRQRID)L[WXUH DQG
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